. The general solution, for light scattering by an isolated particle has long been established : it is known as Mie's theory [1, 2] . However, this problem is still up to date on both theoretical and practical grounds. On the one hand, so far, no good theory exists which takes correctly into account the interactions between particles when their concentration in the medium is high. On the other hand, it has been experimentally evidenced that this class of materials with metallic particles exhibits spectral selectivity of the kind required in solar energy conversion [4, 5] .
When the particles are much smaller than the wavelength, two effective medium theories have been proposed : the so-called effective medium theory of Bruggeman [6] (EMT) which is self-consistent and the non self-consistent theory of Maxwell Garnett (MG) [7] . The calculations are performed in the quasi static limit (the instantaneous fields inside the particle are constant), the dielectric permittivities involved in the formulae being in general complex numbers. These approaches considering an effective dielectric permittivity for the composite are meaningful when the material actually behaves like a homogeneous body (in particular, the overall light scattering is negligible [8] Numerous corrections have been proposed to take into account effects not included in the original theories : magnetic dipole effect [9] , non homogeneous particles (for example oxide layers [10] ), particle size distribution [10] , non spherical particles [11, 12] , existence of agglomerates [11, 13] , ... These corrections lead to introduce parameters in the calculations, the actual value of which is unknown, so that they are adjusted by fitting the experimental data. Some agree-ment is then found by using either of the theories and from numerous works published in this field it is clear that the two theories in fact describe materials with different structures [14, 15] : the MG theory seems to apply better to particle composites whereas the EMT describes solids in which the constituents have to be considered on the same grounds.
A completely different approach describes the propagation of the wave through the heterogeneous medium by means of perturbative methods [16] or by considering multiple scattering [17] . To the best of our knowledge, these theories have not yet been applied to experimental data.
Neither of these theories however, despite a few phenomenological [12] or theoretical [18] As carbon is strongly absorbing in the visible and infrared, we deduced its optical constants nc and k, from the reflectivity measurements on a pellet ofpure KBr, one of its faces being coated under pressure with a continuous layer of carbon black.
As recalled in the appendix, the optical constants of the carbon coating can be calculated from the measurements of the reflection factors of the KBr plate, the reflection coefficient of the coating in air and the knowledge of the refractive index of KBr.
In figure 1 , we have reported the reflection spectrum between 300 and 1 800 nm of carbon in air (dashed line). As figure 2 . The transmission spectrum is strongly wavelength dependent. In this concentration range n is found, within experimental uncertainty, to be identical to no. In figure 3 we have plotted the concentration dependence of the absorption coefficient a at three wavelengths : a linear relationship between a and 0 is evidenced. In figure 4 we have plotted the deduced concentration dependence of the extinction coefficient k : within experimental errors, k seems to be wavelength independent. 3 figure 4 .
On the other hand, in this concentration range both theories predict a slight difference between n and no, that is less than the experimental uncertainty.
The good agreement found between these theories and experiments is satisfactory since no adjustable parameters have been used. It also confirms that effective medium theories are better the lower the concentration in one constituent. In particular, they do not predict any maximum. On the contrary, they both predict a minimum for the lowest wavelengths. We also calculated in a few cases the bounds proposed independently by Bergman [29] and Milton [30] for B. In all cases the experimental values fall well outside these bounds.
We have noticed the great similarities between the reflectivity versus concentration curves at the various wavelengths. On the other hand, we also noticed the (small) variation of the refractive index no of pure KBr in the spectral range. It would be extremely useful to correct our data for these no variations.
Such a correction should be made directly on the composites n and k values which are not presently known. As a rough correction, we have subtracted, concentration are plotted in figure 9 . Within experimental errors, the points fall on a single curve up to 0 = 0.40. Beyond this value the curves tend to separate, extrapolating to the pure carbon « corrected » reflectivity which is strongly wavelength dependent.
Although such representation of our data has no real physical meaning, it qualitatively reproduces the observed variations of the reflection spectra with concentration : «pure KBr-like » spectra at low concentrations, o pure carbon-like » spectra at high concentrations. The existence of a wavelength independent behaviour of p -po over a large concentration range is not accounted for by EMT and MG theories.
In insulator-conductor mixtures, percolation theory predicts [20, 21] , in the static limit, a divergence of the real part of the dielectric permittivity at percolation threshold. According to Efros and Shklovskii [20] below the critical concentration the permittivity of the composite depends only on the concentration and the permittivity of the dielectric matrix. Such a fact could account for a wavelength independent reflectivity that we observed. However, little is known about the critical behaviour of the electrical permittivity at non zero frequencies. According to Efros and Shklovskii [20] , one should observe a maximum Fig. 9 instead of a divergence at PC. Microwave measurements [22] showed that the anomaly in the dielectric constant is moved towards concentrations higher than d.c. conductivity threshold, presumably due to dimensionality effects (small penetration of the microwave field). At optical frequencies, we could expect the dielectric anomaly to subsist, the concentration at which it should occur being still unknown. We can notice here that in the actual experiments the penetration depth of optical radiations is about 4 to 12 times the particle diameter, depending on wavelength, over the experimental range. Then dimensionality effects must not be excluded.
However, the observed discrepancies between our results and the predictions of the effective medium theories are puzzling since it is largely admitted that, despite the approximations involved in the effective medium theory, it should reproduce percolative effects if they do exist in our materials. 
